Abstract
Introduction
Diseases transmitted through insects are still the main causes of morbidity and mortality all over the world (1). These vector insects and diseases they transmit are a major problem in tropical and subtropical countries and have compromised the public health (2 & 3). Mosquitoes are main vectors of diseases such as malaria, dengue fever, roundworm that causes filarial fever (5) . Culex is a member of culex pipiens family and has the second place among the most common vector insects for vertebrates in tropical countries (6) . It is one of the most widespread mosquitoes in tropical and subtropical countries, and its pesticideresistant populations have been reported in different parts of the world. Henbane (Hyoscyamus niger L.), also known as bazrolbanj, sokran, juskiyam, and mash attar, belongs to Solanaceae family; its medical properties have been known for many years, and has been used as an analgesic and muscle relaxant (7) . This plant is scattered in Asia and Europe, and its hyoscyamine and scopolamine (its major alkaloids) are used to produce hyoscyamine sulfate and scopolamine hydrobromide, which are anticholinergic and anti-spasmodic (8) .
Oleander (Nerium oleander L.) is an ornamental shrub native to and extended from south Europe and North Africa to southeast Asia (9) . It generally grows in tropical and subtropical regions (10) . All parts of oleander are toxic for humans and animals, and 4%-10% of the people poisoned with this plant die every year (11) . It disturbs the electrical conduction of the heart due to its large amounts of glycoside compounds that mainly include oleandrin, folinerin, and digitoxin (12) . The use of complicated methods of control and chemical toxins for repelling insects, especially mosquitoes, has made the insects increasingly resistant to chemical pesticides and has resulted in poisoning and loss of other non-target organisms in the ecosystem (13) . Therefore, scientists all over the world have focused on overcoming such problems in recent decades using organic and natural toxins and derivatives of plants, as the more effective, reliable, and extensive effects of these active biological compounds have been proved (7) . In this respect, this study was performed to compare the effect of the methanol extract of aerial parts of oleander with that of henbane in killing the larvae of Culex mosquitoes.
Materials and methods Extraction
The aerial parts of henbane ( Figure 1 ) were collected from foothills in Tabas near Sabzevar, Iran (36°24'15.9"N , 57°42'30.5"E) in Apr.-May 2015, and simultaneously, the aerial parts of oleander ( Figure 2) were collected from Hakim Sabzevari University campus (36°17'53.8" N, 57°40'47.9"E). Once they were washed with water, they were kept in shade at room temperature for 15 days to completely dry. A sample of each plant was delivered to the Botanical Herbarium of Ferdowsi University of Mashhad to identify their species, which were reported as 32493 for henbane and 10109 for oleander. Once the plants were dried, different parts, including stems, leaves and flowers were removed and ground separately. Then, 100 g of the powder of each part was mixed with 500 ml of methanol and kept in a dark place at 20-25 °C for 72 hours. The obtained extract was then filtered using a grade 2 Whatman filter paper, and a rotary device was used to dry the extract and remove the solvent. A tar-like concentrated extract was obtained eventually.
Hunting larvae of culex
The larvae of culex were collected from ponds and pits of stagnant fresh water around Birjand, Iran in Jul.-Aug. 2015 through scooping. Once the larvae were delivered to the entomology laboratory of Birjand University of Medical Sciences, the third and fourth instar larvae of culex were identified and separated by an entomologist.
Larvicidal effect measurement
Concentrations of 0.25 mg/ml, 0.5 mg/ml, 1 mg/ml, 2 mg/ml, and 4 mg/ml of the extracts of stems, leaves, and flowers of henbane and oleander were prepared using Pars Journal of Medical Sciences, Vol.14, No.4, Winter 2017 27 distilled water as a solvent based on the World Health Organization (WHO) recommendation (14) . Each plate was filled with a concentration of the extract of one part of henbane or oleander, 10 larvae of culex were randomly placed on each plate, and 10 larvae were placed in a plate containing distilled water as the control (15) . The plates were kept in a refrigerator at +4 °C away from light. To determine the viable and dead larvae, they were stimulated with a needle tip 6, 12, 24, 48, and 72 hours later, and their reaction to the stimulus was observed and recorded. This test was performed twice, and the mean number of dead larvae was obtained for each part and each concentration. The results were analyzed using Probit statistical test and Excel 2010 software (16) . This research has complied with all ethical issues in research. 
Results
This descriptive experimental study was performed on larvae of culex in Birjand, Iran. The results showed that the increased concentrations of the methanol extract of oleander and henbane leaves did not significantly affect the mortality rate of larvae in all intervals (6, 12, 24, 48 , and 72 hours later) (P > 0.05). The increased concentrations of the methanol extract of henbane stems also did not significantly affect the mortality rate of larvae (P > 0.05). However, the methanol extract of oleander stems affected the mortality rate of larvae in all intervals (6, 12, 24, 48 , and 72 hours later) (P < 0.05) such that the LC50 was obtained as 1.87 ppm after 6 and 12 hours, 1.43 ppm after 24 hours, 0.95 ppm after 48 hours, and 0.77 ppm after 72 hours. The increased concentrations of the methanol extract of henbane flowers did not significantly affect the mortality rate of larvae in all intervals (P > 0.05). However, its larvicidal effect increased favorably with time. The increased concentrations of the methanol extract of oleander flowers significantly affected the mortality rate of larvae after 24 hours (P = 0.03) with LC50 of 6.48 ppm. Its effect was significant even after 72 hours (P = 0.05) with LC50 of 1.19 ppm (Tables 1 & 2) . The results showed that more larvae are killed as time passes, and the data were significant after longer intervals (P< 0.05). The methanol extract of oleander leaves was more effective in killing the larvae of culex at all times (6, 12, 48 , and 72 hours later) than the methanol extract of henbane leaves although they were of similar effect at 24 hours (Graph 1). The methanol extract of oleander stems also was more effective in killing the larvae at all times Pars Journal of Medical Sciences, Vol.14, No.4, Winter 2017 28 than the methanol extract of henbane stems (Graph 2). However, the results about methanol extracts of flowers were the opposite, as methanol extract of henbane flowers had higher larvicidal effect in killing the larvae at all times than the methanol extract of oleander flowers (Graph 3). 
Discussions
Mosquitoes mainly transmit parasites and pathogens, which are destructive, to the human body while sucking blood. It is estimated that at least 500 million people in the world suffer one of the parasitic diseases transmitted by mosquitoes per year, including malaria, filariasis, dengue fever, schistosomiasis, trypanosomiasis, and leishmaniasis (17) . As mosquitoes hide indoors, chemical insecticides have been excessively used, which results in destruction of non-target populations and resistance of mosquitoes which in turn increases mosquitoes (13) . West Nile virus and dirofilaria immitis nematode, which are transmitted by culex to humans and cause diseases, have been reported in Iran. According to the WHO report, the presence of culex mosquitoes, as a vector of diseases such as Japanese encephalitis and Rift Valley fever, is possible in West Mediterranean countries, such as Iran (18 & 19) . Chemical pesticides have always been used to control these vectors, but such chemicals adversely impact the environment and ecosystem, and their extensive use makes the vectors resistant (1). Therefore, scientists have sought alternatives, which would be safe for the environment, human health, and non-target creatures, over recent years. An important alternative is different methods for biological control and also organic pesticides derived from plants. Organic pesticides often kill insects at low concentrations and are safe to larger animals. Moreover, the extracts derived from plants do not often have the accumulative property like chemical pesticides and do not endanger the ecosystem and creatures in the long run. This study showed that the extract of aerial parts of oleander was more effective in killing the larvae of culex after 72 hours compared to henbane, and only the extract of henbane flowers had greater larvicidal effect probably due to the accumulation of alkaloids in henbane flowers and seeds. The most effective extract for killing larvae of culex was the extract of henbane flowers with LC50 of 0.46 ppm after 72 hours, and the extract with minimum effect in this regard was the extract of henbane stems with LC50 of 37.57 ppm. Although reports about antilarval activities of aromatic plants are increasing in different countries, no report was found on the larvicidal effect of henbane. Regarding the larvicidal effect of oleander, performed a study in Shiraz University of Medical Sciences to assess the larvicidal effect of five different extracts of oleander leaves and flowers prepared with five solvents, including acetone, petroleum ether, benzene, chloroform, and water, on larvae of anopheles stephensi. The results of their study showed that the benzene extract of oleander flowers had the maximum larvicidal effect, and the chloroform extract of oleander leaves had the minimum larvicidal effect (1). These results conformed to those of the present study in that methanol extract of oleander flowers had higher larvicidal effect after 72 hours than the methanol extract of oleander leaves. Baghari et al. performed a study (2013) to examine toxic effects of oleander leaves on larvae of desert locust in Morocco and showed that oleander leaves positively controlled the larvae of desert locus (20) . Lokesh et al. performed a study (2010) to evaluate the larvicidal activity of oleander leaves and fenugreek (Trigonella foenum) leaves against larvae in India and concluded that the extract of the leaves of both plants had high larvicidal effects, and their combination showed even greater larvicidal activity (21) . The larvicidal effect of leaves and other parts of oleander was also observed in the present study, showing the conformity of the above two studies with the present study. In some studies, a species of mosquito is proliferated in order to examine the effect of different extracts on larvae, which shows only the effect of those extracts on one species. However, the larvae of culex in this study were collected from ponds and pits of stagnant water in Birjand considering that the objective of this study was not only to kill the larvae of culex but to introduce an organic compound for killing all species of culex existing in Birjand. Once the larvae were collected, the third and fourth instar larvae of culex were identified by an entomologist, and the effect of different concentrations of the extract of aerial parts of henbane and oleander was examined twice. The results were recorded, and mean mortality rate for each concentration became the basis of Probit statistical analysis.
Conclusion
Given that oleander and henbane are native to Iran, it is assumed that they can be used as a native tool for controlling larvae of culex. The advantage of these insecticides against chemical ones is their biodegradability. It seems that these two plants can be used to kill the larvae of culex due to their alkaloid compounds, such as oleandrin, folinerin, and digitoxin in oleander and hyoscyamine and scopolamine in henbane. These results can be used as an efficient solution for fighting with larvae of culex carrying filariasis in developing countries without imposing environmental damages.
